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Abstract 
This paper evaluates the economy of gravity heat pipe exchanger used for cooling communication base station to 
replace air conditioning in winter and transition seasons. The experimental data were analyzed, which proved that the 
gravity heat pipe exchanger can reduce running time and operating cost of air conditioning system. Based on the 
practical applications, the yearly cooling loads of a typical communication base station were calculated for five cities 
which represent the typical weather conditions of the five climatic zones in China. The results showed that the energy 
saving by using the gravity heat pipe exchanger is significant. The annual electricity-saving rate is the highest in 
Kunming, about 48.6%, while the annual electricity-saving rate is the lowest in Guangzhou, about 18.7% among the 
five climatic zones.  
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1. Introduction 
Communication base station is of large number, high heat quantity, long-time cooling season and high 
energy consumption. Air conditioning system is the key equipment to maintain a proper internal 
environment, such as the demanded temperature and humidity values. However, as shown in Fig. 1, the 
consumption of air conditioning system occupies about 43% of the total energy consumption in a 
communication base station, which is the largest part except the main equipment energy consumption [1, 
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2]. Therefore, reducing the energy consumption of air conditioning system is an effective method to save 
energy for communication base station.  
 
Fig. 1. The consumption of communication base station  
Nomenclature 
Q     cooling load (kW) 
Q1 heat transfer through building envelope (kW) 
Q2 heat release through equipment(kW) 
Q3 lighting and human body heat Dissipation (kW) 
Qc heat release of communication cabinets (kW) 
Qt heat release of transmission equipment (kW) 
Qs heat release of switch power (kW) 
Qb heat release of battery pack (kW) 
QE cooling capacity of heat pipe exchanger (kW) 
Qh cooling load taken by heat pipe exchanger (kW) 
Qa cooling load taken by air conditioning (kW) 
Pf the power of the fan (kW) 
Wh electricity consumption of heat pipe exchanger (kWΦh) 
Wa electricity consumption of air conditioning (kWΦh) 
COP coefficient of performance of the air conditioning  
tw outdoor air dry bulb temperature (ć) 
tN indoor air design temperature (ć)  
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Communication base station is a special building which dissipates heat almost all year round. 
Therefore, the air conditioning system has high operating energy consumption. The existed methods of 
energy saving include variable-frequency technology, self-adaptive control technique of the air 
conditioning, water treatment technology of the air conditioning, cooling technology used natural cold 
source, energy saving technology of new refrigerant, harmonic treatment technology, etc. [3,4]. 
This paper studies the cooling technology using natural cold source. The principle is that when outdoor 
air temperature is lower than indoor air temperature to a certain extent, outdoor air as cold source takes 
away the heat of communication base station. The purpose of cooling communication base station could 
be achieved without air conditioning. Using outdoor cold air for cooling base station is able to save a 
great amount of power consumption of air conditioning system through the natural cold source. This 
cooling technology has alternative processes, i.e., direct fresh air cooling and isolated air heat exchanger 
systems. 
The gravity heat pipe exchanger uses the outdoor cold air for cooling the communication base station. 
When outdoor air temperature is lower than 18ć, indoor heat is discharged to outdoor by heat pipe 
exchanger. In this way, outdoor cold air is used for cooling without energy consumption. When outdoor 
air temperature is higher than 18ć , air conditioning system is still used for cooling. Through the 
combination of two cooling methods, significant energy saving could be achieved during winter and 
transition seasons. This paper numerically studies the electricity saving of a typical communication base 
station subjected to the weather conditions of five climatic zones in China. The economic benefit of 
gravity heat pipe exchanger applied in communication base station is analyzed in detail. 
2. The energy saving analysis of gravity heat pipe exchanger 
The gravity heat pipe is a promising heat transfer component with high thermal conductivity [5]. It can 
be divided into three sections: the evaporation, the condensation and the adiabatic sections. Evaporation is 
the one end where the working fluid absorbs heat from the heat source to evaporate. Condensation is the 
other end where the working fluid condenses to release heat to the heat sink. Adiabatic section is heat 
transmission channel in the middle of the heat pipe. Heat pipes are arranged according to a certain 
interval and formed into bundles. Evaporation and condensation are separated by partition in the middle, 
and then the heat pipe exchanger is formed. By the evaporation and condensation of the working fluid, it 
can work effectively [6]. The gravity heat pipe has been proved to have a comparatively high heat transfer 
capability with a very small temperature difference between the heat source and heat sink [7], therefore, it 
has been widely applied in the thermal industry. 
When outdoor air temperature is lower than 18°C, the gravity heat pipe exchanger can be used for 
cooling the communication base station. Working fluid absorbs heat from the communication base station 
and releases heat into ambient. The base station can be cooled without air-conditioning.  
Compared with the existing air conditioning system, heat pipe exchanger has the following advantages: 
1˅All components can avoid energy cost except for fan, which consumes much lower energy than 
that of the compressor in air conditioning system.  
2˅The gravity heat pipe exchanger has advanced property of heat transfer.  
3˅The gravity heat pipe exchanger has advantages of compact structure, high thermal conductivity, 
installation convenience, high reliability and low cost of maintenance. 
3. Analysis of the gravity heat pipe exchanger applied in communication base station 
According to “Thermal Design Code for Civil Buildings (GB50176-93)”, China is divided into five 
climate zones, namely the severe cold zone, the cold zone, the hot summer and cold winter zone, the hot 
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summer and warm winter zone and the warm zone. In different climatic zones, the energy saving of the 
gravity heat pipe exchanger applied in communication base station is different. We analyze the economic 
applicability of the gravity heat pipe exchanger used for cooling the communication base station as below. 
A selected communication base station is analyzed about the energy-saving of heat pipe exchanger in 
different climatic zones. Its ichnography is shown in Fig. 2. It is 3.75 meters long, 2.8 meters wide and 
2.9 meters high. There are three communication cabinets, two air-conditioners, battery pack, switch 
power and transmission equipment in this communication base station. The lighting, human body heat 
dissipation and air infiltration are small, thus which can be ignored. The equipment and air conditioning 
system operate all year round to maintain 26ć in communication base station. According to the existing 
communication base station, brick-concrete structure is commonly used in walls. Its parameters are 
shown in Table 1. 
 
Fig. 2. The ichnography of communication base station  
Table 1. The parameters of building envelope 
Building envelope Brick-concrete structure 
Size (mm) 370 
Heat transfer coefficient of wall (W/(m2·K)) 1.526 
Heat transfer coefficient of roof (W/(m2·K)) 0.269 
Heat transfer coefficient of floor (W/(m2·K)) 0.295 
The key to saving energy is to reduce power consumption of air conditioning in communication base 
station. Turning on or turning off air conditioning mainly relate to indoor cooling load. Cooling load is 
influenced by outdoor climate, building envelope and heat release of equipment. The meteorological 
parameters of typical year (from building energy analysis software DeST) are used to calculate all-year 
hourly dynamic cooling load in the five climate zones. The cooling load includes the heat transfer through 
building envelope (Q1), heat release through equipment (Q2) and lighting or human body heat dissipation 
(Q3). 
The cooling load of heat transfer through building envelope can be calculated by Eq. (1) as follows: 
Q1=KF˄tw-tN)                                                                                                                                     (1) 
The cooling load of equipment (Q2) includes the heat release of communication cabinets (Qc), 
transmission equipment (Qt), switch power (Qs) and battery pack (Qb). The power of each cabinet is 684w, 
and the power of transmission equipment is about 10w. Communication base station often uses high-
frequency switch of 50w. Because of small heat release, the power of battery pack is ignored. From the 
above, the cooling load of equipment can be calculated by the following formula: 
Q2=Qc×3+Qt+Qs+Qb=684×3+10+50+0=2110W                                                                               (2) 
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The reason why communication base station is not set the window is that the people enter rarely. As 
the door is seldom opened, the cooling load of lighting and human body heat dissipation is very small, 
which can be ignored.  
Thus, the cooling load of communication base station can be determined by the following equation: 
Q=Q1+Q2                                                                                                                                              (3) 
Table 2 and table 3 show the base station hourly cooling load and monthly mean cooling load of 
typical cities of five climate zones. 
Table 2. The hourly cooling load of typical cities of five climate zones (Units:kW) 
Hour Harbin Xi´an Shanghai Guangzhou Kunming 
1 -0.43 0.07 0.98 1.24 0.77 
2 -0.48 0.07 1.04 1.18 0.73 
3 -0.38 0.05 1.08 1.15 0.70 
4 -0.18 0.03 1.06 1.14 0.67 
5 0.01 0 1.04 1.14 0.62 
6 0.14 -0.01 1.01 1.13 0.57 
Ă Ă Ă … … … 
8755 -0.98 0.62 1.10 1.79 1.33 
8756 -1.04 0.59 1.09 1.77 1.20 
8757 -1.07 0.58 1.08 1.76 1.04 
8758 -1.08 0.57 1.06 1.75 0.90 
8759 -1.07 0.57 1.06 1.74 0.81 
8760 -1.05 0.55 1.06 1.69 0.81 
Table 3. The monthly mean cooling load of typical cities of five climate zones (Units:kW) 
Month Harbin Xi´an Shanghai Guangzhou Kunming 
Jan. 0.00  0.46  0.76  1.31  1.01  
Feb. 0.00  0.63  0.83  1.37  1.13  
Mar. 0.29  0.98  1.04  1.57  1.37  
Apr. 0.95  1.42  1.40  1.88  1.51  
May 1.41  1.69  1.68  2.09  1.68  
Jun. 1.71  2.00  1.98  2.21  1.76  
Jul. 1.85  2.09  2.21  2.29  1.74  
Aug. 1.83  2.04  2.21  2.27  1.70  
Sept. 1.35  1.74  1.92  2.20  1.62  
Oct. 0.83  1.38  1.64  2.01  1.46  
Nov. 0.21  0.91  1.33  1.76  1.23  
Dec. 0.00  0.59  0.85  1.49  0.97  
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It can be seen from the above tables that the cooling load of Harbin (the severe cold zone) is zero in 
January, February and December. Except for Harbin, the other four cities have to turn on air conditioning 
for cooling throughout the year. 
When the outdoor temperature is below 18ćˈexperimental data show that it is available to use heat 
pipe exchanger instead of air conditioning system for communication base station, as shown in Fig.3 [8].  
According to the experimental condition of indoor temperature at 26 ć, the changing curve of cooling 
capacity with outdoor temperature was fitted, as shown in Fig.4. 
 
                     
Fig. 3. Influence of outdoor temperature on cooling capacity     Fig. 4. Changing curve of cooling capacity with outdoor temperature 
It can be seen from Fig. 4ˈcooling capacity is a linear decreasing function of outdoor temperature. A 
formula was matched as shown in equation (4). 
QE=8.063-0.357tw                                                                                                                                  (4) 
According to Equation (4), the cooling capacity of heat pipe exchanger can be obtained under any 
outdoor temperature. The fan is the only component consuming electricity. The power of fan is 0.2kW. 
When the outdoor temperature is not very high, total cooling load is undertaken by heat pipe exchanger; 
while the outdoor temperature increases to some extent, heat pipe exchanger undertakes part of cooling 
load, the rest is taken by air conditioning system. The total electricity consumption of heat pipe exchanger 
and air conditioning are decided by following equations. 
  K
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                                                                                                                                                           (5) 
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 Qa=Q-QE                                                                                                                                               (7) 
However, when the outdoor temperature keeps increasing to the critical point, heat pipe exchanger will 
lose cooling capacity. Then the total cooling load is taken by air conditioning system. 
Above all, the annual power consumption can be calculated before and after using heat pipe exchanger. 
Table 4 shows the annual electricity-saving by using heat pipe exchanger in Xi’an. 
Table 4. The energy-saving analysis by using heat pipe exchanger in Xi’an  
hour 
tw 
 
(ć) 
cooling load 
 
(kW) 
electricity consumption 
electricity 
saving 
(kWxh) 
electricity 
saving 
rate 
before using heat 
pipe exchanger 
(kWxh) 
after using heat pipe exchanger 
heat pipe exchanger 
(kWxh) 
air conditioning 
(kWxh) 
Sum 
(kWxh) 
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1 -6.8 0.07 0.0240 0.0013 0 0.00127 0.0227 94.6% 
2 -6.8 0.07 0.0240 0.0013 0 0.00127 0.0227 94.6% 
3 -7 0.05 0.0195 0.0010 0 0.00104 0.0185 94.9% 
4 -7.4 0.03 0.0106 0.0006 0 0.00056 0.0100 94.3% 
Ă Ă Ă Ă Ă Ă Ă Ă Ă 
3541 20.4 1.76 0.6286 0.2 0.3499 0.5499 0.0787 12.5% 
3542 21.5 1.83 0.6536 0.2 0.4143 0.6143 0.0393 6.0% 
3543 22.6 1.90 0.6786 0 0.6786 0.6786 0 0 
3544 23.9 1.98 0.6964 0 0.6964 0.6964 0 0 
Ă Ă Ă Ă Ă Ă Ă Ă Ă 
5951 22.8 1.91 0.6821 0 0.6821 0.6821 0 0 
5952 22.6 1.90 0.6786 0 0.6786 0.6786 0 0 
5953 22.2 1.87 0.6679 0.2 0.4187 0.6187 0.0492 7.4% 
5954 21.4 1.82 0.6500 0.2 0.3989 0.5989 0.0511 7.9% 
Ă Ă Ă Ă Ă Ă Ă Ă Ă 
8758 1.3 0.57 0.2041 0.0150 0 0.0150 0.1891 92.7% 
8759 1.3 0.57 0.2041 0.0150 0 0.0150 0.1891 92.7% 
8760 1 0.55 0.1975 0.0144 0 0.0144 0.1831 92.7% 
total - 11676 4170 955 1963 2918 1252 30.0% 
Similarly, the energy-saving analyses of other four cities were obtained, as shown in Table 5. It can be 
seen that the annual electricity-saving in Kunming is about 2179kW·h, resulting in the highest annual 
electricity-saving rate, up to 48.6% among the selected five cities; Following the order by Harbin, annual 
electricity-saving and electricity-saving rate are 1055kW·h and 37.9%, respectively. The annual 
electricity-saving rate is 30.0% in Xi'an, and that is 24.4% in Shanghai. Due to the high outdoor 
temperature, the annual electricity-saving rate is the lowest in Guangzhou, about 18.7%. Above all, it can 
be found that using gravity heat pipe exchanger has a significant energy saving. Meanwhile, it can also 
ease the supply pressure of the power system, and conform to the requirements of energy-saving and 
emission reduction. 
Table 5. The annual electricity saving using heat pipe exchanger 
 Harbin Xi´an Shanghai Guangzhou Kunming 
Total cooling load (kW) 7790 11676 13067 16415 12548 
Before using heat pipe(kW·h)  2782 4170 4667 5863 4481 
After using heat pipe 
(kW·h) 
AC 1076 1963 2440 3263 1199 
Fan 651 955 1089 1502 1103 
Sum 1727 2918 3529 4765 2302 
Electricity saving (kW·h) 1055 1252 1138 1098 2179 
Electricity saving rate 37.9% 30.0% 24.4% 18.7% 48.6% 
4. Conclusions 
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This paper analyses the applicability of heat pipe exchanger for cooling base station instead of air 
conditioning in the representative cities of five climate zones. The main conclusions of this paper are as 
follows:  
1˅The communication base station is of high heat quantity. It is necessary to supply cooling for year 
round except Harbin, resulting in a large amount of consumption of electricity. 
2˅The gravity heat pipe exchanger can instead of air conditioning system for cooling communication 
base station more than half a year except Guangzhou. 
3˅Economical efficiency of gravity heat pipe exchanger applied in communication base station has 
been analyzed. Results show that energy saving effect is significant. In different cities for the same heat 
pipe exchanger used in the same communication base station, the largest energy saving is achieved in 
Kunming, and then follows the order of Harbin, Xi’an, Shanghai and Guangzhou. 
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